I[ntroduction]{.smallcaps} {#sec1-1}
==========================

*Helicobacter pylori* is a poly-flagellated, spiral, gram negative, microaerophilic, bacteria with 4--6 sheathed flagella.\[[@ref1]\] *Helicobacter pylori* is often regarded as the main etiologic agent of the occurrence of gastritis,\[[@ref2]\] peptic ulcer,\[[@ref3]\] and gastric adenomas.\[[@ref4]\] There is substantial evidence for invasion of *H. pylori* to underlying gastric mucosa and gastric lymph nodes,\[[@ref5]\] thereby not limiting these organisms only for extracellular occurrence. The role of *H. pylori* in gastric cancers has been attributed to its direct virulence factors and also indirectly by initiation of chronic inflammation.\[[@ref6]\] *H. pylori* exhibits extreme diversity in its prevalent species. More than hundred *H. pylori* species have been identified and predominant of those are found in gastric mucosa.\[[@ref7]\] However, the presence of *H. pylori* is not a disease by itself, but a condition that affects the relative risk of developing various clinical disorders of the upper gastrointestinal tract.\[[@ref8]\]

It has been found that a close correlation exists between the level of acid secretion and the distribution of gastritis. This interaction is critical in the determination of outcomes of *H. pylori* infection. Approximately 95% of duodenal ulcers and 85% of gastric ulcers occur in the presence of *H. pylori* infection.\[[@ref9]\] The gastric mucosa does not normally contain lymphoid tissue, but mucosa-associated lymphoid tissue (MALT) nearly always appears in response to colonization with *H. pylori*. In rare cases, a monoclonal population of B cells may arise from this tissue and slowly proliferate to form a MALT lymphoma.

Numerous case-control studies, such as Song *et al.*\[[@ref10]\] and Tiwari *et al.*,\[[@ref11]\] have shown colonization of *H. pylori* in oral cavity prior to development of gastritis, whereas the other studies, Ho *et al.*\[[@ref12]\] Ahmed *et al.*,\[[@ref13]\] have shown contradictory findings with respect to *H. pylori* colonization prior to the development of gastritis, thereby questioning the transient infection of *H. pylori* to produce gastritis.\[[@ref14]\]

This perspective is further supported by temporarily bias hypothesis by Li *et al*.\[[@ref15]\] relating *H. pylori* infection in childhood and their complete absence when atropy of gastric mucosa is established. Furthermore, the studies that evaluated the role of oral cavity as a reservoir for *H. pylori* has used various samples such as plaque, gingival crevicular fluid, and saliva as a possible agent to detect *H. pylori*, which has failed to produce statistically evident findings.\[[@ref16]\] However, few studies have shown saliva as a possible tool for detection of *H. pylori* in oral cavity.\[[@ref17]\]

Hence, this study was conducted to evaluate the role of oral cavity as a reservoir for *H. pylori* using saliva-based polymerase chain reaction (PCR) as a diagnostic tool for the detection.

M[aterial and]{.smallcaps} M[ethods]{.smallcaps} {#sec1-2}
================================================

A case-control study was performed on 30 subjects who constituted the study group. Group I comprised 20 subjects presenting with symptoms of gastrointestinal disorders attending the tertial referral center, such as Selvarangam Nursing Home and Sundaravadanam Nursing Home, for treatment of gastritis. However, Group II comprised 10 asymptomatic healthy subjects. In Group II, although all subjects were asymptomatic at the time of presentation, four of them had history of a previous diagnosis and treatment of gastritis. In Group I, the gastrointestinal endoscopic antral biopsy was performed on 20 symptomatic subjects using fiber-optic video gastro-endoscope under aseptic precautions. The gastric biopsy was fixed in 10% buffered formalin and processed and stained using modified Giemsa stain technique.

Saliva samples were collected from each subject from both the groups in sterile graduated containers by spit technique for molecular diagnostic test before endoscopy in digestion buffer (100-mM sodium chloride, 10-mM Tris hydrochloride, 25-mM ethylenediaminetetraacetic acid, and 1% sodium dodecyl sulfate). The study was approved by the Institutional Review Board and written informed consent was obtained from all the participants.

C[ollection of]{.smallcaps} U[nstimulated]{.smallcaps} S[aliva]{.smallcaps} {#sec1-3}
===========================================================================

About 3-mL unstimulated saliva was collected from each subject by the spit technique between 7 am and 8 am in the study groups as described by Navazesh et al. (2008).\[[@ref18][@ref19][@ref20]\] At the beginning, the subjects were asked to swallow any saliva if present in the mouth. Then, the subjects were instructed to spit the saliva in the sterile graduated container every minute for about 10min.

I[solation of]{.smallcaps} G[enomic]{.smallcaps} DNA [from]{.smallcaps} S[aliva]{.smallcaps} S[pecimen by]{.smallcaps} K[it]{.smallcaps} M[ethod]{.smallcaps} {#sec1-4}
=============================================================================================================================================================

The DNA extraction was performed using cetyl trimethylammonium bromide method. About 300-μL saliva was mixed with 900-μL Real Biotech Corporation (RBC) lysis buffer (three times the sample volume). The mixture was incubated at room temperature for 5min and centrifuged at 300rpm for 2min. The supernatant was discarded after centrifugation and the cell pellet was suspended. The cell lysis was performed by addition of 200 μL of GB buffer into the tube and mixed by vortexing. The mixture was incubated at room temperature for 10min to obtain clear sample lysate. The DNA binding was carried out by mixing sample lysate immediately with 200 μL of ethanol by vortexing for 10s. The entire mixture was then dropped into GD column placed in a 2-mL collecting tube and centrifuged at 13,000rpm. The entire mixture was washed sufficiently by introducing wash buffer for two times: 400-μL WB for first time and 600-μL WB for second time into the GD column and centrifuging at 13,000rpm for 30s and the flow through thus obtained was discarded. The GD column was again placed in a 2-mL collecting tube and centrifuged at 13,000rpm for 3min to obtain dry column matrix. This dried GD column was then transferred into a fresh 1.5-mL microcentrifuge tube for DNA elution. For this purpose, 100-μL elution buffer heated at 70ºC was added and allowed to stand for 3--5min to facilitate the sufficient absorption of elution buffer by absorbing matrix. Then, the total sample was centrifuged at 13,000rpm for 30s to elute the purified DNA. The DNA was stored at 4ºC until further use.

M[olecular]{.smallcaps} C[haracterization of]{.smallcaps} *H*[*elicobacter pylori*]{.smallcaps} {#sec1-5}
===============================================================================================

The identification of *H. pylori* was performed by amplification of 16S ribosomal RNA (16S rRNA) using PCR from DNA samples isolated from salivary samples as described by Tiwari *et al.*\[[@ref11]\] The reaction conditions for 16S rRNA gene amplification with both 16S rRNA primers (forward primer 5′--TAAGAGATCAGCCTATGTCC--3′ reverse primer 5′--TCCCACGCTTTAAGCGCAAT--3′ (Bangalore Genei Ltd., Bangalore, India) were optimized as 40 cycles with denaturation at 94°C for 30s, annealing at 56°C for 30s and synthesis at 72°C for 1min. The validation of the PCR was carried out using the positive and negative controls. The positive control contained the *H. pylori* DNA (ATCC 26695 strain) as the template, whereas the negative control contained the DNA mixture without the DNA template. The final PCR product was visualized after electrophoresis at 120 V on 2% agarose gel containing 15-μL ethidium bromide under ultraviolet light.

M[olecular]{.smallcaps} D[etermination of]{.smallcaps} *H*[*elicobacter pylori*]{.smallcaps} {#sec1-6}
============================================================================================

The samples were considered positive only if PCR amplified product had shown band at 534 base pairs.

H[istopathological]{.smallcaps} P[rocessing and]{.smallcaps} S[taining of]{.smallcaps} G[astric]{.smallcaps} B[iopsy]{.smallcaps} S[pecimen]{.smallcaps} {#sec1-7}
========================================================================================================================================================

All the gastric biopsy specimens were fixed in 10% buffered formalin. The tissues were dehydrated using increasing grades of alcohol (70%, 80%, 90%, and 100%). Clearing of the samples was done using chloroform overnight. Impregnation in molten paraffin was for 2h with two changes and embedding in paraffin wax using "L"- moulds for sectioning and stained. A 4-μm thick tissue section from paraffin block was then obtained onto egg albumin-coated glass slides using semiautomatic microtome and then fixed by placing it on hot plate at 60ºC. The tissue section was then deparaffinized using two changes of xylene, hydrated using decreasing grades of alcohol (100%, 90%, 80%, and 70%), and washed in distilled water. The tissue sections were then stained using Giemsa stain (Novo special stain kit, ab150673, abcam company, USA). The tissue sections were then differentiated using 0.5% aqueous acetic acid and dehydrated using increasing grades of alcohol (70%, 80%, 90%, and 100%), and cleared using fresh xylene and mounted using dibutyl pthylate xylene.

I[dentification and]{.smallcaps} D[iagnostic]{.smallcaps} C[riteria of]{.smallcaps} *H*[*elicobacter pylori* in]{.smallcaps} T[issue]{.smallcaps} S[ections]{.smallcaps} {#sec1-8}
========================================================================================================================================================================

*Helicobacter pylori* under Giemsa stain appears as purplish blue. However, the diagnosis of *H. pylori* in gastric biopsy positivity was made, if and only if there was a typical morphology of *H. pylori* as coma or S-shaped bacilli (2--4 μm long and 0.5--1 μ thick). The bacteria were only observed if at all it adhered to cell surfaces or lied free in mucosal layer with its typical morphology, with at least forming colonies. If they were found in isolation forms, these were considered negative. Like-wise the samples, which were not elucidated, were considered negative.

R[esults]{.smallcaps} {#sec1-9}
=====================

In group I (*n* = 20) (clinical symptoms of gastritis patients), the formalin fixed paraffin embedded tissues sections of endoscopic biopsy specimens, showed *H. pylori* positivity under modified Giemsa stains in only 50%. The identification of *H. pylori* in saliva samples of the individuals in group I (*n* = 20) were made by amplification of 16S rRNA using PCR showed *H. pylori* positivity in only 55 % of the subjects with clinical symptoms of gastritis. Furthermore, *H. pylori* was not detected in saliva samples of 20% of subjects who showed *H. pylori* positivity histopathologically in tissue sections of endoscopic biopsy specimens. However, *H. pylori* was detected in saliva samples of 30% of subjects who histopathologically did not show *H. pylori* positivity in tissue section of endoscopic biopsy specimens. A chi-squared test was used to compare the *H. pylori* positivity in tissue sections with respect to the *H. pylori* positivity in salivary samples within Group I (*n* = 20) subjects showed a significant difference with a *P* value of 0.021 indicated in [Table 1](#T1){ref-type="table"} and [Graph 1](#F1){ref-type="fig"}.

###### 

Comparison of *Helicobacter pylori* positivity in tissue sections and salivary samples in case groups using chi-squared test

  --------------------------------------------------------------------
  Tissue sections\       *H. pylori* positive   *H. pylori* negative
  Salivary samples                              
  ---------------------- ---------------------- ----------------------
  *H. pylori* positive   80%                    30%

  *H. pylori* negative   20%                    70%

  *P*-value              0.02%                  
  --------------------------------------------------------------------

*P* \< 0.05 is considered statistically significant

![Relationship between the results of gastric biopsy and PCR detection of *H. pylori* in saliva](JPBS-11-523-g001){#F1}

In Group II (*n* = 10) (healthy volunteers), *H. pylori* was positive in saliva samples of 60% healthy subjects, whereas *H. pylori* was negative in saliva samples of 40% healthy subjects. The chi-squared test was used to compare the findings between Groups I and II, and did not show any statistically significant difference between the findings of both groups (*P* = 0.79), as indicated in [Table 2](#T2){ref-type="table"} and [Graph 2](#F2){ref-type="fig"}. In addition, the study also determined the sensitivity and specificity of PCR as 80% and 70%, respectively, to detect *H. pylori* in salivary samples. These results suggest that the presence of *H. pylori* in oral cavity may not represent an active cause of gastritis.

###### 

Comparison of *Helicobacter pylori* positivity in saliva samples between groups using chi-squared test

  --------------------------------------------------
  *H. pylori* saliva sample\   Positive   Negative
  Groups                                  
  ---------------------------- ---------- ----------
  Group I (*n* = 20)           55%        45%

  Group II (*n* = 10)          60%        40%

  *P*-value                    0.79%      
  --------------------------------------------------

*P* \< 0.005 is considered statistically significant

![Distribution of Group II subjects based on gastritis symptoms and PCR reports](JPBS-11-523-g002){#F2}

S[tatistical]{.smallcaps} A[nalysis]{.smallcaps} {#sec1-10}
================================================

The data were analyzed using Statistical Package for the Social Sciences software (SPSS), version 24, IBM, New York, USA. The chi-squared test was used to compare the findings within the case group (Group I) and between the case and control groups. The sensitivity and specificity of PCR were calculated as follows:

1.  Sensitivity = true positive / true positive + false negative

2.  Specificity = true negative / true negative + false positive.

D[iscussion]{.smallcaps} {#sec1-11}
========================

Marshall and Warren (1983)\[[@ref21]\] identified a gram-negative spiral-shaped bacterium referred as *H. pylori*. These organisms colonize the gastric epithelium (common reservoir for *H. pylori*) and are responsible for occurrence of chronic gastritis, peptic ulcers, atrophic gastritis, intestinal metaplasia, gastric adenomas, gastric hyperplastic polyps, adenocarcinomas of the distal part of the stomach, and lymphomas of mucosa-associated lymphoid tissue. Therefore, World Health Organization has classified *H. pylori* as a class I carcinogen to humans, although the exact route of transmission of *H. pylori* into humans is still unknown. However, either fecal--oral route or oral--oral route describes a particular route for the transmission of *H. pylori* into humans. Furthermore, there is substantial evidence for both food- and water-borne transmission of *H. pylori* especially in developing countries. In recent times, *H. pylori* has been found in human oral cavity. The oral cavity has been implicated as a potential *H. pylori* reservoir. The nature of oral cavity, whether a permanent or transient reservoir of *H. pylori*, need to be addressed.

Malık *et al*.\[[@ref20]\] reported that histology, IHC, culture, RUT, serology, and urine test are some of conventional methods that are used to detect and diagnose *H. pylori*. These techniques lack a standard operating procedure that is uniformly applicable, particularly, for populations who are at risk. These techniques also come with serious limitations in terms of technique requiring invasive procedures, sample collection and transportation protocols involved, type of stains used for identification of *H. pylori*, and also ability and skills of pathologist to identify the organism. Furthermore, these techniques are also questioned for its reliability, sensitivity, and specificity. However, in a study by Medina *et al.*,\[[@ref22]\] molecular techniques have shown promising results in identifying *H. pylori* and also predict the active infection, which is much required for clinical interpretation, making diagnosis as well as determining prognosis.

The molecular techniques that use PCR have shown promising results in identifying *H. pylori* in gastric biopsy, saliva, and stool samples. However, earlier attempts to detect *H. pylori* by PCR from saliva and dental plaques have shown low rates of detection. Weiss *et al.* (1999)\[[@ref23]\] in a comparative study of the sensitivity, specificity, and predictive value of PCR of formalin-fixed biopsies showed that the 16S rRNA gene of *H. pylori* has a high accuracy in identifying *H. pylori* in gastric biopsy specimens.

S[ummary of]{.smallcaps} K[ey]{.smallcaps} F[indings]{.smallcaps} {#sec1-12}
=================================================================

In this study, *H. pylori* was identified using 16S rRNA by PCR in the saliva samples of 56.66% (17 cases of 30) patients. Of the 20 subjects (Group I), 11 were with gastric symptoms, whereas six of the 10 subjects in Group II were with a history of gastric symptoms. These results indicate that the clinical symptoms of gastritis are not a reliable indicator of oral *H. pylori* status.

In addition, in this study, successful amplification and detection of *H. pylori* directly from saliva samples in the majority of patients with gastritis indicates that approach is non-invasive, feasible, and reliable with a sensitivity of 80.0%, specificity of 77.7%, and a positive predictor value of 72.7%.

This study also showed 30% of cases demonstrating *H. pylori* in saliva of 50% of patients who showed negative status of *H. pylori* in endoscopic gastric biopsy in Group I (cases proven with gastric symptoms). This 30% of salivary *H. pylori* positive cases within the individuals with gastric symptoms who showed negative status of *H. pylori* in endoscopic gastric biopsy may be due to production of biofilm matrix by *H. pylori*, which may cause embedding of *H. pylori* in their matrix that may would have interfered with staining of organisms leading to false negativity.

However, this could not be confirmed as endoscopic gastric biopsy was not subjected to detection of *H. pylori* using16S rRNA by PCR. Furthermore, *H. pylori* were not identified in the saliva of 45% of the study population who had clinical symptoms or proven gastritis as evident from biopsy and history. However, *H. pylori* was also identified by PCR assay in saliva specimens from 60% control patients who had no history of gastritis.

Therefore, this study suggests that oral cavity may act as initial site of infection for *H. pylori*. These organisms may persist as low numbers in the oral cavity of these subjects for a long time without colonizing the stomach or gastric lining. These findings are in agreement with those obtained by the studies of Tiwari *et al*.,\[[@ref11]\] Ahmed *et al*., \[[@ref13]\] and Mapstone *et al*.,\[[@ref14]\] which leads us to hypothesize that the oral cavity could be a reservoir of *H. pylori* infection and oral secretion may be an important means of transmission of *H. pylori*.

As the presence of *H. pylori* in saliva is comparable to the presence in gastric mucosa in our study, it can be concluded that its presence in saliva is a reliable marker of gastric mucosal immunity status.

However, studies involving genotypic status of oral *H. pylori* and gastric *H. pylori*, if found similar, would prove oral cavity as a gate way of this infection and saliva as a means of transmission.

Such studies have been carried out and none of them could prove that both of them are of the same strain. In contrast the similar strain was present in both sites, in an isolated study.

S[trength and]{.smallcaps} L[imitations]{.smallcaps} {#sec1-13}
====================================================

In this study, the PCR method was used, which has sensitivity and specificity in detection of *H. pylori* than other methods.\[[@ref24]\]

The limitation of the study is the lack of the investigation of serotype similarity of *H. pylori* on saliva and gastric samples. Also, the control group comprised healthy individuals without any systemic diseases. Therefore, no biopsies were taken from them.

Long-term follow-up of the individual's oral health and additional insights and research on *H. pylori* involving the oral cavity could be pivotal for the future directions.\[[@ref25]\]

C[onclusion]{.smallcaps} {#sec1-14}
========================

This study has shown 16srRNA detection of *H. pylori* by PCR to be best mode for identification with at most reliability and validity in salivary samples. Thus, saliva could serve as an effective valuable, non-invasive specimen to diagnose or monitor the prognosis\[[@ref26]\] as compared to existing diagnostic modalities. Molecular based diagnostic techniques such as PCR may be of significant value for non-cultureable samples of *H. pylori* involving prolonged transport or contaminated samples.

However, future studies are very much necessary with larger sample size and better designs to evaluate genotypic status of oral *H. pylori* and gastric *H. pylori* to correlate and document the presented hypothesis.
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